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A STHPLE METHOD FORQ TESTIS MEASURAG
SACHINES AHD MACHIRE TOOLS
James B. Bryan
Lawirence Livermore flatisnal Laboratory
INTROCTTON

LLiL nas devaloped a simnle method for Lz2sting coordinabe maasuring

'

machinas and machine tools. It is called tne Hagnetic Ball Bar (i1.B.B.).

Tiores g By varsions. Tha Jiest varsion 1o ollad the Fikoed Magaatic Bal?
Bar (F.M.B.B.) (Figure 1). The fixed version is used to test the accuracy of
manually actuated, Tow friction coordinate mzasuring macﬁines as well as
computer controlled point to point measuring machines. The second version is
called the Telescoping Magnetic Ball Bar (T.“.B.3.) (Figure 2, 3). The
telescoping version is used to test the accuracy of numerically controlled
lathes, milling machines, robots and servo driven contouring measuring
machines, Both versions are based on the remarxable, 2 microinch, rotational
accuracy that can be achievad with a high quality chrome steel ball nulled
into a Lri-hedral socket with a permanent magnet. The magnetic socket was
first davalopad at A.W.R.E Aldermaston in 1939 by Frank Roberts and his
colleaguas., It nas baen in use at LLAL sincz 1960 for a variety of gaging
applications.

System accuracy of the M.B.B. ranges from 5 to 50 microinches depsnding on
the siza and if used for 2 axis or 3 axis. Size range is 4 inches to 48
inchas and larger. The device can be hand carriad. Cost is approximately
$2,000.00 for tha fixed version and $4,000.30 for the telescoping version whe»
made in small quantities. A test can be carried out in a time period of less

- than ona hour.



The M.8.8. s fast, siupia wnd wowertful., 1L g nal, noszvar, a complebo
test. A machine could shaw zero error on tne M.B.B. test aznd still bo
defuctive. As a minimu, sarticulariy for acceptance testiag, tne M.B.B. must

1Y

be supplemented with gag= 3102ks, step bars, or laser intzrizersmeters to

-3y

establish tha displacemant zccuracy of the slides. Depzinding on the

<

particular machine design, otnar tests such as straightness, souareness and
paratlalism must be includaqa, Tie d.0.8B. provides a means of guickly
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appradiaabing tha Lo a0 tharse dimensional accuracy o
its low initial cost, simplicity of sat-up, high accuracy, and self checking
features it is a very cost effective method for routine testing of machines
during their Tife. It wouid oz fzasidle, for exanple, to estanlish a prograi
to tast every machine tool and evary measuring'machine in a snhiep every few
Weeks.,

HEASUR [NG MACHINES

Background, Advantages of tha F.M4.8.8.

The idea of testing coordinate measuring machines witn ball bars is not
new. The National Physical Lasoratory in Teddington, The Mational Engineering
Laboratory in East Kilbrid2, the Cranfield Unit for Precision £ngineering and
the L. K. Tool Co. have all worked with ball bars for a aumber of years.

A simple ball bar consists of a bar connecting two spnares. The bar is
clampad to the machine table at scme angle to the axis o? thz machine. The
machine is asked to measurs the distance between the centers of the spheres.
The bar is then unclamped, rotated to another angle, reclampad, and the
distance measured again. Diffecences in the measured leagth are regarded as
macnine error;

The M.B.B. does not rejuira clamping and unclamping and is therefore much

faster. This additional speed allows the measurement of mare points in the
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word 7z, Tom Charlton, of the Sational Buroan of Standards in «asnington,

i

.0, nas taken data on a coordinziz <2asuring mazhine on-the-fly =ita th
F.i.5.8. by giving the machine a pusih and asking %he computer to ra2zd sub at
Fire. bime dntervals. Hundreds of ¢atz points wera taken in a T« dittatoes,

-~
)

The strangth of the magnets and stifiness of the bar are quite asequate to
provide the force nacessary to guics tna machine on a circular pzin, s=o0
Fiqure 4,

Lthae advantage ds thab the ~risurements ro boken with vesszfe wo one
common puint which allows better understanding about the possible sources of
error,

Don Lane and Vince Mangano of L. recently used the F.M.B.B. &0 spacify
and perform factory acceptance tesis on a new coordinate measuring machine.
The snecification called for 700 microinches total error on a 13 incn bar.
Tha initial test showed 1,440 microinches error, the majority of snich
occurred in a half inch portion of th2 work zonz. The problem was quickly
tracaed o a bad Moire scale on thz X-axis. The scale was replaced and the

error reducad to 660 microinches. The original scale had previously sassed a

Taser interferometer test at one inch increments. A simple ball nar might

have datected this problem, but cosld not have lad to the intuiti.o
diagnostics that were possible wita a fixed reference point.

Andtner advantage of the F.M.2.3. is that it tests machine gaunetry
independently of the sensor used to detect the workpiece. Detecting the
centar of balls on a simple ball sar is not a simple matter. The stylus size
and sphericity and the sensor mechanism all contribute error. Sowe people
arque, however, that the complete systam should be tested and not just a part
of it. This argument definitely nas some merit, The M.B.B. can fortunately

be used in an optional mode to include the sensor error by using only one




maguot which is statiorary and sunportiag the froz and of the bar witn a
supplamentary brac<et tnal leaves tie ball eéxpuszs for sensing hy trigyer
probos.  This mode of oporation (single magnet) is a necessity for some types
of cumpuler controlies point-to-point measuring .:chines thao do nobt have Epe
disengageable drives that permit the double magnet mode to be used and do not
nave the continuous patn contouring capability t43:t permit the Teles coping
i.8.8. to be.used. Thz single magnet mode is sizw, but it is still twice as

L T Ty - . R
rast oas g signnle Bati obas oand nas }

thie aldvinbags 37 2 coimson raferenca usoint.
Tom Charlton has recently developed a technizue, Figures 5 and 6, to
support the free end of the bar in a varicty of iocations in the work zone.
It consists of a scrowad together, adjustable length aluminum post whicn nas
two balls and a magnat at the top of the post to support the bar. The post
can he varied in haight and moved around the tadz to provide hemi-spherical

coverage,

OPZRATIHG PROCEDURES

ouu]n Maanet Version for Manual Machines

Operating proceduras can be rather boring, zut they do a job of
communication that is hard Zo duplicate. These srocedures are included to
assist the reader in a process of critical evaluzzion of the i.B.B. A typical
operating procedura texen from a recent LLNL sp=cification for a 26" x 16" x
13" manual machine is reproduced as follows:

"Clamp the fixad magnetic socket to the table. Install the free socket in
the probe holder using the tupered adapter. Tnszall one ball of the 8-inch
ball bar in the fixed socket. Release the X, Y, Z slide locks and move the
frec socket to engage the ball that is in the fixed socket (Figures 7, 8).
Rotate the ball bar while watching the readouts o verify that thgre is no

dirt under the socket seats. 7Zero the rcadouts. Carefully disengaga tne free




soket from the fixed ball, move outward to the free ball, and carefully
iy the free ball (Fiquee 6). Adjust the counterweight on the 7 azis to
Just suoport the weighl of the-ba11 bar. Record the X, Y, 7 readings. dova
i ieee socket ko oa numboer of other positions and record the Ay Y, 2
rieadings. Calculate the square root of the sums of the squares of these
raadings which should represent the center to center distances of the balls.
“ove the fixed socket to other positions and reclamp it. Rezero the readouts

. v el A - . PN B \ I 5 3 o PIURCTN o PR . - 8 s
5 nDECT b adove, racora tha X, Y, Z values ac obhar positions of tiow froe

- socket and calculate the center distances. Determine the range of center
distances at all positions of the fixed and free socket. If the ranga or
variation is out of tolerance, the test must be repeated as often as
necessary, averaging the worst points, to determine the existence of a
systematic error."

The above procedure dnes not specify the number of data points to be
taken. If the specification applies to all points in the work zone, the buy=r
should b2 free to test as many points as he wishes as long as he is on his owm
time or paying for time at the factory. The emphasis should be on finding the
wA0rst points as soon as possible. The worst points are then measurced
repeatedly to eliminate or average stray data.

Single agnat Version for CNC Machines

The following procedure is speculative since it has not yet been fully

fasted:

11

"Clamp the fixed socket to the table. Install one oall of the ball bar in
ine fixed socket. Rotate th2 bar to be sure it is seated. Hove the machine
under manual control and take, say, 5 readings ou the fixed ball using the
trigger probe. Calculate the center of the ball. Lift the free end of tne

par and support it witn the two balls and magnet at tne top of the bar sunport

post (Figure 4). Take another set of trigger probe readings on tha free
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ball. Zalculate the centor of this ball, then calculate the distance batwoen
ball centars.,  Slide the bar support post to differant locaiions. [ake
additionat readings and calculate center to center distances."

Rolational Accuracy of Ball and Sockot

ihe rotational accuracy of the ball and sockat can be tested in two ways.

-~
S

Figure 9 shows a sebun on a roundngss measuring machine. One sockst i

v

clampad to the rotating table and centered, The free end of the bar is
susanrtat in a notch in an anti-rozating flaxure consisting of a nisca of
sheet metal clamped to an angle plate. Figure 10 is a polar chart showing a 4
microincn combined rotational error of the spindle of the machine and the ball
and soc<2t. The machine contributes about 50% of this error.

The second method of testing is not quite as conclusive but only requires
the availability of a sensitive indicator. Figure 11 shows the satup for
indicating the ball in its own socket., Multiple locations of the indicator
with respect to the socket and rotations of the ball in the socket will give a
good icz2a of the rotational accuracy. This method can be useful in responding
to chaiianges in the field. Extra balls, glued in adaptors, are provided in
the carrying case, Figure 12, for quick substitution should a ball pacome
damaged znd fail the testk.

Effect of Ball Size Differences

The balls must be identical in size and spherical, but the actual size has
no offoct as long as the 3 point spherical socket seats match the balls. The
error created by non-identical balls is not obvious. Jim Hamilton and Bob
Berq, oF LLML, Egs'ana1y1ed the effact and determined the following: (1)
there is no error for traces taken in the X, Y plane, (2) the error in the X,
Z and ¥, Z plane is 5/4 (R] - R2). Figure 13 illustrates the problem.

Assuine tnat the free ball is smaller than the fixed ball and that tha bar is

horizontal (centerline of balls parallel to X axis). When the frae socket is
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engagad with the fres ball (posizisa 2) the readings are X = L, Z = -I noo
zero.  dhan the Free ball and socket are movad to position 3 (vertical bar)
the roadings are X = 0 and Z = L -E. The difforences in the calculated Tengtn
af Lax bar, using khese false rewlings, is 5/4 (R] - RZ).

The FLM.B.B. can be checked during sat up for maticned balls. A
zeroing tne free sockat on the fixcd ball, turn the ball bar end for znd and

note the Z axis reading. Mo change in Z means that any hall size error is

fess than nalf of the wachine resgiution and may be nueglected.

\

Wa have recently realized that hemispnerical Lest patterns do not provide
adequate sensitivity to squareness error. Figure 14 illustrates the problem.
At position #1 the Tength of the ball bar varies one for on2 witn unwanted
movement of the Y axis in the X direction. At position #2 the ‘intluence of Y
axis errors on X show up on the calculated ball bar length at caos 45° = ,707
or 71%, At this point the Y axis has moved only 71% of its travsl. At
position #3, where the Y axis has moved its full travel, the influence is
zero. It can be arguad that slidz squareness measurements are casy To maxe
with readily available hardware and that the machine should be pre-qualified
with regard to squareness before tasting with the F.M.B.B. It 1is possible,
howaver, to enhance the squarenass sensitivity of the F.M.B.B. by selacting a
bar that is equal in length to ths longest travel of the machine and moving
through an angle that will exercise the full travel of the other axis. See
Figures 15 and 16. For example, a 26" X-axis, 16" Y-axis, 13" Z-axis macnine
would use a 26" bar for testing X, Y squareness that would rotats through an
angle of plus and minus 6 = sin"] (8/26) = 18° for full travel of X and

, e . ) — -
Y. The sensitivity is then cos 13~ = .95 or 95% of the error that would be




revaalod by a conventional square. Saansitivity for Y-7 squareness is 9J4,

A’

For X-Z squarenass 1L is 974, This loss of sensitivity can sz regardoed as a
ninar sabback when it s realized that no assumptions are necessary about the
sadacen2ss of tha square. Figure 15 shows the arrangenent for Lesting X, Y
and X, 7 squarenass igﬁ the same setup. The magnetic sockets must be mounted
avrizontally for this test. This procedure will be incorporated in future

LLHL spacifications.

Rotational movement of the 7 axis in roll is of serious concern wnen the
orobe stylus is offset from center. If roll is presant, squareness of Z
travel to X and Y will depend on the stylus offset distance. A test for this
condition can quickly be mada with the M.B.B. by simply offsetting the probe
socket from center and retesting squareness. The weignt of the bracket that
is needed for the offset is of some concern for cantilever arm machines. This
affect can be minimized by wmaking the two squareness tests that reveal the
rol11 motion in the X-Z planc rather than the Y-Z plane, since sag of the
cantilever arm is in the non-sensitive direction.

Sag Errors

Sag error for long bars is an obvious concern. Jim Hanilton, of LLHL, has
made the necessary calculations to show that the .75" dia. by .085" wall, 48"
Tong bar used in the LLNL design will sag .027" at the center when
horizontally supported at each end. The foreshortening due to this sag is,
howevar, only 35 microinches. What actually matters is the difference in
length due to gravity between the horizontal and vertical positions of the
nar. If the Z axis counter balancing system is adjusted to just support the
frec end of the bar in tne horizontal position it is then supporting half the

waight of the bar., When the bar is moved to the vertical position, the
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commin weight s still supporting nalf tne weight of the bar. The azpar half
of the oxr strelehas in Lension while tha Towar half compresses an ei.al
amount, “ne Teagth of the bar is then the same as it would be in zer:
gravity. Tha 35 microinches of horizontal support foresnortening thzs shows
up as full error. If this error is of concern it can obviously be rziuced by
using lar~car diameter tubing. Th2 sag situation for the T.M.B.B. i¢ sifferont
and will ba discussed later,
Diagrasi =5

As discussed above, the M.B.B. offors tihe possibility of subjoctivz
diagnostics. Definitive diagnostics based on computer analysis of thz nuge
anounts .7 data that can be generated remains a tantilizing, but remcie,
possibility. Tom Charlton, of MBS, has done some rcsearcn in this arza.
After s2-:: initial enthusiasm he is now convinced it is a very diffic:ilt
problem, It appears, however, to be an excellent theoretical researcs
project. The goal would consist of extracting the seven constitutents of two
axis macnine error from as large a data base as desired. These constituents
are: {1' X displacement, (2) Y displacement, (3) X straightness, (4) Y
straightnass, (5) X to Y squareness, (6) X angular motion and (7) Y asgular
motion. If this goal is not possible, a sccond goal would be the
determination of assumptions about the various errors that would make some
definitive diagnostics possibla.

MACHINE 70OLS

Background, Advantages of tne T.M.B.3.

The id=a of testing machine tools with circular masters is not nea. In
1958 LLii. developed the twin disc check for testing tracer ]athes(]). This
technique used two, identical, bubt unknown size steel discs as masters, Figure

17. The discs were ground side by side on deard centers on a fixture 2n a
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cyiindrical grinder and wore vound wiziin 15 microinchas, Ona dise was Jdsedn
as a Ltemplate.  Tne sacond was bracketad to the spindle. An eiccironic
indicator (LYDT) suppurted in a single axis flexure fros the Lool post was
sz Lo indicate aoainst the second disc. A porfocht bracer latho would siow
zero error. The advent of numerical control eliminated the nead faor thoe first
disc, but required tue size of the remaining disc to be known. Singiz disc
checks have been used routinely at LLNL for specification, acceptance tzsting

. oy £ . en £ N
ar:d maintananco of M.,

-

Tathas for fin past 19 years., The single agis flovgrs
pickup is simple to set up and usa but it lTimits the included angle that can
be followed to 90°. It also has a continuously varying cosine error that
must be taken into account.

In 1963 a pick up was designed at LLNL that could be used to sweep a
360° path, It used the rotatable stylus principle, Figure 18. The LVYDT
pick up was supported from a precision ball bearing spindle and adjusted so
the styius ball center was on the axis of rotation. Outrigger pads, nearing
against the disc, automatically kepl the LVDT cartridge normal to the disc.
The system worked well and was frce of cosine error, but it was slow to set up
and never used extensively.

Advantages of the T.M.5.8.

The T.M.B.B. performs the same basic task as the disc check but has the
following advantages: (1) it is less expensive, (2) il can be used for much
larger machine tools, (3) it can be used for 3 axis of continuous patn
movenent, (4) it can be used for 360° traces, (5) there is no cosina error,
() it is easier Lo carry and less susceptible to damage, (7) it is more
accurate, (8) it is less likely to cause damage to the macnine in case of a
runaway, (9) it is more applicable to robots, and (10) accuracy can bo

varified in the field,
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OPEAA TG PROCEDURES

it Lathes, Two Axis Tests
Sigura 19 shows tha T.M.8.8. setup on diamond turning machine 2 at LLHL.
Tha asoindle slide (7 axis) has a total travel of 9 dncnes. The X sTide nas @
traval of 13 dinches. A robtary tadle is used to maintain the tool normal to
the work (B axis) bub the B axis is not active in this test. If the Trég
sockal ware centercd on Lhe B-axis a 3-axis test could be made. Tha tool
nobdus bas bzen rencys! from She rotary tablo o make roam For wounting tna
free sacket so that.a 350° trace can be made. A typical procedure is as
follows: |

"Szlect the appropriate length extension bars from the kit and screw tham
togethar with wrenches. Measure the overall length across the crests of the
balls wnen the L.V.D.T. is at zero with an outside micrometer. (This step is
easier if the bar is vertical, with the flexure down, clamped in a vae block
at onc of the hex joints. The weignt of the flexure ball provides machanical
bias. As the micromeler is gradually "closed" the meter will move from
of f-scala to the left to zero.) Suoiract the nominal diameter of tna balls
from the micrometer reading. This vaiue is a rough approximation of tha
centar to center distance of the balls. (The only consequence of error in
this measurement is that the meter will not ba zero for a perfect machine and
a lowar maynification must be used to stay on scale.) HMake an N.C. tape for a
3607 trace using this value as tha cutter center. Bracket the fixed socket
to thz spindle at centerline height. Bracket the free socket Lo the machine
so that the free socket is localed at a point normally OLCUDI d by the too]
Wove the machine under manual control to the approximate puint of wnat will be
the 0 dagree point of the 360 traca. Install the flexure ball in the

stationary socket. Continuing to support the extension ball by hand move, the
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Cmaching manually so the extension ball «ill start te fzll dinio tha frog
suackat, Release th2 ber. Conbinue o move the sechine under + anual contesl
antil the extension ball is completely in the fres sockel and Lno metaer is
zarazd,  dove the insensibive axis undzr manual cuncrel to "parX-out" tne
nater reading. Move the sensitive axis to rezero the =meter. VYeorify
calioration of the L.Y.0.T. using the machine as a.masb'r by m:king small
point to point moves under manual control, Return to zaro. Disengage the
sobansioa B From oo feon socket.,  Undar baps ceanrdd move: L2 maching Lo

' . () PR s ..
the 90° position. Move the machine under manual control as necassary so

ct

that the extension ball can again be engagad in tn2.frae socket and tne meter
set to zero. Disengage the extension ball, move the machine to 180° under
tape control. Re-engage the extension ball in the frece socket. The meter
should be within .001" of null depanding on the accuracy of the outside
micrometer measurement of length and the accuracy of the macnine. Manually
move the machine to reduce the error by one half. Disengage tha extension
ball, mové the machine under tapz control to 270°, re-angage th2 extension
pall, mova manually to reduce the meter reading by one nalf., Adjust tne mzter
zero control so the deflection From zero is minimized. The setup is now
completa, The machinz is moved under tape through 360° while cata is beiny
racorded either by hand, digitally, linear recorder, or polar racorder. An
adjustable speed, time based, polar recorder is useful. [t mus:z be adjusted
to maktch the rotation of the T.M.B.B. Careful selection of the N.C. feadrate
to matcn the known circumference of the trace and available speads of the
recordar will minimize this problem. If the data is t en by nand or linear
recordér it must be replotted in polar form. Using a compass, draw a minimuin
dianeter circumscribad circle around the error plot in the same way that is
normally done for roundness charts. The maximum deviation from the minimum

. . . . - . . [0
diametor circumscribed circla ds the numerical value of the 3607 T.M.B.5.
tost.
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The purposa of the polar plot and nan-roundnass criteria is to @mininize
i consuiminag macnanical centering.,  Tne user may decide it is faster o
mechanically center in ordar to use linesr recorder data dirvectly, nul tnz
"“non-roundnass criteria® has the advantage of being wall undorsiood and
unambiqguous as a standard. Polar display of error can aiso be of help in
subjecitive siagnostics.

The macznine is relatively safe from damage in a runaway situabion witn
tnis sefun sinco tho bals will avteomacically pon ouf of thairy sagieis, To=
T.M.B.B. is considered expendable by comparison to the machirie.

N.C. Milling Machines, 3-Axis Tests

Figure 3 shows the T.i1.8.B. setup on a Sundstrand 5-axis milling machine.
Only three axis are being used, but the test can be made on all five axis if
desired. A 17" bar is shown. The user has a choice of programming a three
axis hemispherical spiral or separate X-Y, X-Z, Y-Z, traces. The operating
procedura is the same as for two axis except tnat the 7 setup value is zero.
The flexure Hall should always be the frec ball to minimize differential sag.
Sag errar for the T.M.B.B. is different than for the F.HM.B.B. and is discussed
in a following section. Wreck susceptibility is worse for the three axis
situation unless one of the magnetic sockets is itself neld with another
magnet perpendicular to its base. (Not shown in the illustration.) Ball and
socket rotational accuracy and methods of test ara the same as tne F.M.B.3.
excnpt that for the roundness measuring machine test the free ball is clamped
and the flexure L.V.D.T. reads the error. Syuarenass sensitivity

considerations are the same as the F.M.B.B.




Figrires 20, 21, 22 shows a test for differential sag, The sockets were
glited to & 2 inch squara stecl bar in the horizontal position and Ltue mater
zavowd, Figurae 20, Th2 bar was then rotated to the vertical position {Figure
21). The mater showad less than onz2 microincit for a 17" bar! This remarkable
resuit is the consequenca of a number of effects all cancelling each other.

In the horizontal position, the bar sags and pulls th2 L.V.D.T. coil away from
the core (minus mater reoding).  Tho Tlavurs adipter 3150 hands Landing to
move the coil toward the core (plus meter reading). Tihese effects are of
opposite sign but nol equal magnitude. The bar sag effect prevails (minus
meter). Wnen the system is vertical and the flexure is on top, the weight of
the flexure adapter, half the weight of the flexure, and the bar itself
compress the bar (in reality a 3/4" 0.D. by .065" wall tube) and tend to move
tne coil away from the core which is supported by the upper ball (minus
metar). The combined effecl is zero.

When the system is rotated to the verlical with the flexure on the bottom
of the stock, Figure 22, the meter reads 12 microinches plus. This is due to

ension in the bar which is supporting its own weight plus tne flexure adapter
and half the weignht of the flexure. Elongation makes the coil inore toward the
core witich is supported by the Tower ball and socket. This gives a plus meter
reading. Cancellation requires tha sane sign and sama magnitude errvor. It is
apparent from this discussion that the flexure ball should be the fres ball
for sweeps in the vertical plane. The flexure adapater should be on the
bottom when the T.M.B.B. is horizontal (Figure 20). Bending of the flexure
when loaded with the 17 inch bar is 6 microinches. Sag of the bar is 12
microinches. Compression and tension is 6. These cen add up to 24

microinches in the worst combination.
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Agrocaent of T.M4.8.3. with Lha iisc Check

The data from a T.@4.8.8. cneck should, ia vrinciple, be 2xacltly tne sas
as firom a disc check., It is important Lo demonsirate this agraemant
experimentally so that people who are familiar with disc checks will nave
confidence in the "now" method. A problem arises in demonstrating tois

o

ayranment.  The T.M.8.8. is normally used for 3037 traces to allow Lhz

"non-roundness of the polar profile" criteria to annly. The disc chack can
oy o2 uade for 997 traces iF a single axis pic<un 15 used.  ne solution
to this problem is to establish an ahsolute length for the T.M.B.B. and make
90° trace. A caliorated length ball bar is the szme as a calibrated radius
disc. A 30° disc check is normally made by adjusting the error at the 0"
and 90° points to zero. The same approach is usad for the T.HM.B.B. The
results of Lhe two tests should be the same if the two systems are perfect.
The conditions for a perfect 90° T.i.8.8. system are: (1) the balls are
perfectly spherical, (2) the L.V.D.T. is properly caiibrated, (3) the center
to centor distance of the balls at null matches tne N.C. tape, and (4) tne
plane swapt by the balls is parallel to the X, Y travel of the machinz to
avoid cosing error.

The cenditions for a perfect 90° disc check are: (1) the disc is
perfectly round, (2) the stylus used for the pick up is perfectly round, (3)
the radius of the disc plus the radius of the-sty]ué matches the N.C. tape,
(4) the single axis flexure L.V.D.T. pick up has no side deflection, (5) the
L.V.D.T. is propaerly calibrated, (6) cosine error on the data is proparly

handled, and (7) the disc is parallel to the X, Y traval of the machine.

a

A comparison of the two methods has recently been made at L.L.N.L. and tihe

agreement is within the errors expected froin the above sources.




Anotier application for 90" T.95.5.0. traces s for small macainss onat
do ot nave tha 8" travel necessary for 360" traces using tone 4" minimun
radius T.M.B.B.  Figure 23 shows a satup for a 180° trace on an #4.5. turret
Tatne having only 4% of towol slide travel.

The problem of adjusting the T.%.8.8., To a known radius within a fau
micireinchas is not trivial. Figures 2%, 25, 26 illustrate one tocaniqua for
selting the bhall centers to, say, ¢4 inches. It assumes that the zusolute
meeslrenann of ball sizes to s vow amicroinches is a difficult maecroiogy
problem, particularly in the field, A five inch gage block with extensicn
blocks is modified with vee blocks glued in place so that the centar of the
vee blocks are parallel to the gage block in both planes. The T.i4.B.3. can be
placed in the vee blocks and adjusted so the distance across the crasts of the
balls is 5 inches at null. We reaily want the center to center distance to be
4 inches. By gluing vea blocks and a tri-hedral socket in the centar of a 9
inch ¢ag2 block we can make Lwo, 150° rotabion checks with the T.4.3.3.
reversad batween checks. The 3 deta points from these chacks provide anough
information to determine the radius of each ball and their center distances.

Absolute calibration of center distances is a nuisance and can be avoided
with 3697 traces, but it offers some advantages and remains an opiion in the
T.M.3.8. evolutionary process.

Status of Qutside Evaluation

The American National Standards Institute (ANSU) Committee B 89.1.12 on
Coordinate Measuring Machines has bz2en studying the possibilities of the
F.M.B.8. as a means of specifying accuracy and parforming acceptance tests.
Bill Gehner, of the John Deere Co., Ben Taylor of the Bendix Corp., and Tom

Charlton and Bob Hocken of the Natisnal Bureau of Standaras have been




roicalarly active in evaiuabion tosting.  Curreat thinkius o cha Cosmmittos
is to rocognize the FUM.B.8. as an interim standard. [t would be used in
cociunciion with single axis displacemant measurainents. Tao dimensional and
tnrae dimensional ball plates wiill also be recogni%ed in the ixlerim standard
25 A option.  The Comaittoe s being somawhat cautious anous ball plates
necause of their weight, calibration expense and potential for damage. Dr. H.
Lanzaman, Chief of Dimansional Metrology at the Phaysikalish-Tuchinische
jundesanstalt (P.T.B.) in West Germany has taken an interest in the F.il,8.0.
and 1s planning an evaluation progran. The Metrology Group of The
International Institute for Production Enginearing Research (C.I.R.P.) is also
olanning a cooperative research effort on Lhe subject.

Bob Hocken and Tom Charlton of N.B.S. are the only outside people that

nava evaluated the T.M.B.B. Their comments have been favoradle.

Pat Cﬂt §tgbus

The F.M.B.B. was first demenstrated publicly to ANSI Committee B 89.1.12
on Juna 24, 1930. The Department of Energy did not apply for a patent within
a yzar fron that datas so it is no longer patentable.

The 7.M.B.B. was first demonstrated publicly (ANSI B 89.1.-12) on March
31, 1981. The United States Government has rights in this invention pursuant
to Contract No. W-7405-ENG-48 between the United States Department of Energy
and the University of California for the performance of research and
developnient work at the Lawrence Livermore National Laboratory. A patent
anplication concerning this invention 1is being prepared for filing in the U.S.
Patent and Trademark OFFice. When and if the patent issues, the invention
w#i11 be available for Tlicensing in accordance with usual U.S. Government
policy. There is no limitation on the use of the T.M.B.B. prior to the jssue

of the patent.
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States Government or the University of Californis. The views and vpinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government thereof, and shall not he used for advertising or product en-
dorsement purposes,
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